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The  writer's  of  this  report  wish  to  express  their  appreciation  for  the 
excellent  support  provided  by  the  Air  Force  Flight  Dynamics  Lab  in  the 
accomplishment  of  the  subject  testing.  The  AFFDL  found  time  within  its 
busy  schedule  to  fabricate  and  gunfire  test  articles  in  a  time  frame 


compatible  with  F-15  objectives. 
AFFDL  Project  Number  43630. 


This  testing  was  accomplished  under 
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SECTION  I 
IMPACT  FLASH  TESTS 


1.  INTRODUCTION 

The  purpose  of  this  test  was  to  determine  whether  0.125  in.  A1  or  0.250 
in,  A1  produced  the  largest  exit  side  flash  (worse  case  ignition  source)  from 
fragment  impact.  Both  material  gages  represent  actual  thicknesses  of 
aluminum  that  a  fragment  might  penetrate  before  entering  the  fuel  tank.  The 
thickness  selected  would  be  used  as  the  front  and  back  panels  on  the  follow- 
on  foam  configuration  tests. 

2.  DESCRIPTION  OF  TEST  ITEM 

Two  test  panels,  one  0.125  in.  202U-T3  and  one  0.250  in.  202U-T3  aluminum 
were  each  backed  with  a  slab  of  22-23  ppi  red  reticulated  foam.  The  foam  was 
glued  to  the  aluminum  panels  so  as  to  leave  a  10  in.  x  10  in.  unglued  area  to 
duplicate  foam  restraints  within  the  test  tank.  See  Figure  1. 

3.  TEST  SETUP  AND  PROCEDURES 

The  test  panels  were  mounted  in  the  vertical  position  with  the  foam 
facing  away  from  the  gun.  A  500  frame/sec  camera  was  placed  to  view  the  foam 
from  a  side  view.  An  opaque  shield  was  placed  around  the  panel  to  keep  the 
camera  from  viewing  the  impact  flash  from  the  front  side  of  the  panel. 

The  projectiles  fired  were  two  simultaneous,  sabot-launched,  130  gram 
fragments  which  impact  the  panel  at  0°  obliquity  with  6-8  in.  of  separation 
between  fragment  impact  points.  Aim  point  was  the  center  of  the  10  in.  x 
10  in.  unglued  area.  The  fragment  size  and  velocity  rfere  selected  to  simulate 
typical  missile  warhead  fragments. 


b .  RESULTS 

The  flash  from  the  0.125  in.  panel  was  very  large  compared  with  that  from 
the  0.250  in.  panel.  The  results  are  shown  by  the  photographs  of  Figures  6 
and  7.  The  flash  from  the  0.125  in.  aluminum  extended  2  1/2  -  3  ft. 

Fragment  velocity  for  both  shots  was  above  5000  fps. 

5 .  CONCLUSION 

The  0.125  in.  panel  was  selected  for  use  in  the  foam  configuration  tests. 


SECTION  II 

FOAM  CONFIGURATION  GUNFIRE  TESTS 


1.  INTRODUCTION 

In  an  effort  to  better  optimize  the  explosion  suppression  foam  in  the 
F-15’s  No.  1  fuselage  fuel  tanks,  MCAIR  has  proposed  a  higher  voiding  con¬ 
figuration  than  that  currently  specified.  The  proposed  MCAIR  configuration 
allows  for  approximately  50.2#  voiding. 

The  purpose  of  the  foam  is  to  provide  protection  against  fuel  vapor 
explosion  overpressures  caused  by  external  threats .  From  the  F-15  Fuel  Sub¬ 
system  Design  Analysis  Report,  MDC  AQ372,  Vol  2,  it  is  determined  that  the 
structural  strength  limitation  of  the  No.  1  tank,  under  low  flight  loading, 
is  15  psig  overpressure.  A  successful  foam  configuration  should  ensure  that 
the  maximum  peak  overpressure  resulting  from  fuel  vapor  explosions  remain  less 
than  15  psig. 

The  purpose  of  the  test  is  to  determine  whether  the  50#  voiding  foam  con¬ 
figuration,  proposed  by  MCAIR  for  the  No.  1  fuselage  fuel  tank,  can  suppress 
fuel  vapor  explosions  to  maximum  peak  overpressures  less  than  15  psig. 

2.  DESCRIPTION  OF  TEST  ITEM 

The  basic  tank  was  made  by  clamping  together  the  two  AFFDL  tank  wall 
simulator  (TWS)  tanks.  Front  and  rear  panels  were  0.125  in.  2024-T7  aluminum 
clamped  to  the  ends  of  the  basic  tanks.  For  the  .50  cal  API  shot  an  addi¬ 
tional  0.125  in.  plate  was  secured  to  the  impact  point  to  form  a  total  skin  1 
thickness  of  0.250  in.  to  completely  strip  the  incendiary  jacket.  Rigid 
styrofoam  was  placed  along  the  four  corners  where  the  tank  walls  Joined  to 
cover  protruding  bolts  and  provide  a  smooth  surface  to  butt  against  the  foam. 

A  representative  bladder  was  secured  to  the  rear  panel.  Thermocouples  and 
pressure  transducer  ports  were  located  under  the  foam  next  to  the  tank  wall. 
Bomb  sample  ports  and  fill  -1  ines  were  Installed  on  top  at  each  end  and  a 
drain/vacuum  line  on  the  bottom  of  the  tank.  The  tank  configuration  is  shown 
by  Figures  2,  3  and  4.  Characteristics  of  the  proposed  F-15  No.  1  tank  and 
of  the  test  fixture  are  summarized  in  Table  1. 

3.  TEST  SETUP 

Parts  of  the  test  setup  consisted  of  the  test  tank,  gun,  charging  system 
and  instrumentation.  For  the  fragment  shots,  the  gun  was  positioned  and 
loaded  so  the  two  fragments  would  enter  the  voids  to  the  left  and  right  of 
the  aim  point.  Impact  obliquity  was  7°  from  the  perpendicular.  For  the  .50 
cal  API  the  aim  point  was  the  center  void  at  0°  obliquity.  All  shots  were  in 
the  horizontal  plane.  The  propane  charging  system  contained  a  compressed 
propane  bottle,  compressed  air  bottle,  mixing  bottle,  vacuum  pump,  necessary 
piping  and  pressure/vacuum  gauges.  Instrumentation  consists  of  thermocouples 
pressure  transducers  and  recorder.  The  test  setup  is  shown  by  the  photograph 
of  Figure  8.  The  test  was  setup  to  achieve  a  worse  case  situation  as  follows 
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a.  Two  thicknesses  of  aluminum  were  available  for  fabricating  the  front 
and  rear  panels.  The  previous  impact  flash  tests  showed  that  0.125  in*  A1 
created  a  larger  exit  side  flash  than  0.250  A1  and  therefore  was  used  for 
constructing  the  panels. 

b.  Bladder  material  was  not  used  on  the  backside  of  the  entrance  panel  to 
avoid  possible  flash  suppression. 

c.  Void  sizes  in  the  test  tank  were  on  the  average  larger  than  in  the 
actual  tank. 

d.  The  aim  point  was  selected  so  that  fragment  shots  would  penetrate 
adjacent  voids  creating  dual  explosions. 

e.  For  the  fragment  shots  an  impact  obliquity  of  7°  was  used  ao  that  the 
fragments  would  cut  across  as  many  voids  as  possible. 

h.  PROCEDURE 

The  test  tank  was  filled  with  JP-5  to  wet  the  foam  and  then  drained.  A 
vacuum  of  27  inches  Hg  was  drawn  on  the  test  tank  and  mixing  bottle.  The 
mixing  bottle  was  pressurized  with  the  proper  amounts  of  propane  and  air  to 
achieve  a  5%  mixture.  The  test  tank  was  then  charged  from  the  mixing  bottle 
to  a  slight  overpressure  and  bomb  samples  taken  from  both  ends  of  the  tank. 
Gunfire  commenced  when  both  bomb  samples  were  over  70  psig.  Pressures, 
temperatures  and  projectiles  velocity  were  recorded. 

5.  DISCUSSION  OF  TEST  RESULTS 

The  pressure  and  temperature  traces  recorded  during  the  tests  are  plotted 
on  Figure  5-  The  peak  pressures  and  temperatures  are  given  in  Table  2. 

Shot  1 

Inspection  of  the  foam  after  Bhot  1  showed  evidence  of  burning  in  79  of 
the  90  voids.  Complete  burnthrough  occurred  only  in  the  1  3/8"  foam  next  to 
the  rear  panel  where  the  fragments  exited  the  tank.  P5  was  hit  by  a  fragment 
and  therefore  showed  no  trace.  Pressure  rises  remained  within  the  established 
criteria.  Photographs  of  shot  1  are  shown  by  Figures  9  through  l6. 

Shot  2 

Examination  of  data  showed  no  pressure  or  temperature  rises.  Inspection 
of  the  foam  showed  no  evidence  of  burning.  Bomb  samples  were  acceptable  from 
both  ends  of  the  tank.  The  fragments  remained  close  together  and  traveled 
through  the  same  voids.  Charring  occurred  where  the  hot  fragments  cut  through 
the  foam.  The  propane-air  mixture  may  not  have  been  close  enough  to 
stociometric  to  permit  ignition  by  the  impact  flash.  Previous  gunfire  testing 
with  fragments  by  AFAPL  tend  to  substantiate  the  belief  that  ignition  of  fuel 
vapor  by  fragment  impact  flash  is  extremely  sensitive  to  obtaining  the  proper 
stociometric  mixture.  This  test  failed  to  function  properly.  Figure  17 
is  a  photograph  of  the  first  solid  and  voided  foam  blocks. 
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Shot  3 

The  .50  cal  API  projectile  caused  burning  in  Just  the  first  center  void. 
Only  T1  shoved  a  temperature  rise  which  was  8l°F.  There  were  no  pressure 
rises.  Burning  was  completely  constrained  to  this  one  void.  Figure  18  is 
a  photograph  of  the  first  tier  voids. 

6.  CONCLUSION 


The  results  from  shots  1  and  3  show  that  the  measured  pressures  did  not 
exceed  the  design  limits  of  the  No.  1  fuel  tank.  Extrapolating  the  43 . 53% 
voiding  in  the  test  tank  to  the  proposed  50.2$  in  the  actual  tank  leads  to  an 
analytical  prediction  that  the  peak  pressure  recorded  (4.86  psig)  would  have 
gone  to  5.1  psig  ih  the  50.2$  configuration.  It  is  probable  that  higher 
pressures  occurred  at  other  tank  wall  locations,  but  these  pressures  would 
not  be  expected  to  exceed  the  15  psig  criteria.  Even  though  the  statistical 
base  is  very  low,  the  results  of  this  testing  gives  confidence  that  the 
proposed  voiding  concept  is  acceptable  for  the  No.  1  fuel  tank. 
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ABLE  1 


Initial  Internal  Tank  Pressure 


TABLE  2 
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DRAM/FILL 


FIGURE  h 


Figure  6 

Flash  from  0.125  in.  panel 
Page  12 


Figure  7 

Flash  from  0.250  in.  panel 
Page  13  > 


Figure  9 


Shot  1 


Back  View  of  First  Solid  Foam  Block 
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Figure  13  Shot  1 

Back  View  of  Seventh  Solid  Foam  Block 
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Figure  U  Shot  1 

Front  View  of  Seventh  Voided  Foam  Block 
Page  20 
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Shot  1 


front  View  of  Eleventh  Solid  Foam  Block 
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